Colorectal cancer is the third leading cause of cancer morbidity and mortality in the U.S. and other Western developed countries (Greenlee et al. 2000) . Familial adenomatous polyposis (FAP) is a dominantly inherited disorder characterized by the development of hundreds to thousands of adenomatous polyps throughout the intestinal tract; although the polyps are benign, some adenomas progress to malignant adenocarcinomas by 30-40 years of age (for review, see Goss and Groden 2000; Lal and Gallinger 2000) . Most individuals with FAP have been shown to inherit one defective adenomatous polyposis coli (APC) gene, making them highly susceptible to the development of colorectal adenomas. These adenomas result from the inactivation of the remaining wild-type allele through somatic mutation and/or loss of heterozygosity (LOH) (Groden et al. 1991; Nishisho et al. 1991; Powell et al. 1992; Miyaki et al. 1994) . In addition to the APC mutations seen in FAP patients, somatic mutations in both alleles of the APC gene have been shown to occur in the majority of sporadic colorectal tumors (Groden et al. 1991; Kinzler et al. 1991; Nishisho et al. 1991; Miyoshi et al. 1992; Powell et al. 1992; Miyaki et al. 1994) . Inactivation of the APC gene results in the upregulation of ␤-catenin (CTNNB1), which binds to the transcription factor TCF4 Morin et al. 1997) . Hereditary nonpolyposis colorectal cancer (HNPCC) is another dominantly inherited disorder which predisposes patients to colorectal carcinomas at an early age (Bocker et al. 1999) . Although the primary genetic defect is a mutation in either the MLH1 or MSH2 mismatch repair genes (Fishel et al. 1993; Bronner et al. 1994; Papadopoulos et al. 1994 ), more than half of HNPCC tumors have secondary mutations which are either regulatory mutations in the CTNNB1 gene or inactivating mutations in the APC gene, suggesting that the majority of carcinomas in HNPCC patients develop through alteration of the APC-CTNNB1 pathway (Miyaki et al. 1999a ). This recent finding, coupled with the observation that >70% of sporadic colorectal tumors have mutations or LOH of the APC gene itself (Miyaki et al. 1994) , highlights the central role of the APC pathway in colorectal carcinogenesis.
Mouse models of cancer have proven useful for discovering oncogenes and serve as powerful tools to dissect complex genetic factors influencing cancer susceptibility Bedell et al. 1997; Balmain and Nagase 1998; Klausner 1999) . Several models for intestinal tumorigenesis have been generated by introducing specific mutations into the murine homolog of the APC gene (Apc), allowing investigation of its role in polyp initiation and neoplastic progression to carcinoma (Moser et al. 1995a; Shibata et al. 1997; Smits et al. 1998; Takaku et al. 1998; Heyer et al. 1999; Taketo 1999 ). One such model for intestinal tumorigenesis that has been extensively studied is the Min (multiple intestinal neoplasia) mouse model, which was discovered through phenotypic screening following ENU mutagenesis (Moser et al. 1990) . Min mice carry a dominant, fully penetrant mutation in the Apc gene, which results in the development of multiple adenomas throughout the intestinal tract (Moser et al. 1990; Su et al. 1992) . The Min mouse is heterozygous for a nonsense mutation at codon 850 in exon 15 of the Apc gene (called Apc Min ), which is on mouse chromosome 18 (Su et al. 1992) . The murine Apc Min mutation is analogous to mutations found in the APC gene of some FAP kindreds (Miyoshi et al. 1992; Su et al. 1992) . Embryos homozygous for the Apc Min mutation exhibit abnormalities prior to gastrulation and die early during development (Moser et al. 1995b ).
Polyp multiplicity in Min mice is greatly influenced by genetic background Dietrich et al. 1993) . B6 mice heterozygous for the Apc Min mutation were initially reported to develop an average of 29 polyps (when counting was performed on ∼1/3 of the small intestine) and rarely live past 150 days of age (Moser et al. 1990 Su et al. 1992) . Hybrid F1 offspring generated from B6 Apc Min /+ mice crossed to AKR/J (AKR), MA/MyJ (MA), or Mus musculus castaneus (CAST) mice show a significant decrease in polyp number Dietrich et al. 1993) . This difference in polyp number suggests that certain inbred strains carry modifier genes that affect polyp multiplicity in Apc Min mice. A modifier locus, Mom1 (Modifier of Min 1), was identified and localized to mouse chromosome 4 by quantitative trait loci (QTL) analysis . Mom1 is a semidominant modifier of both polyp size and multiplicity in Apc Min /+ mice (Gould and Dove 1997) , and encodes the secretory type II nonpancreatic phospholipase A2 (Pla2g2a) gene (MacPhee et al. 1995; Cormier et al. 1997 Cormier et al. , 2000 . However, the Mom1 locus was estimated to account for only ∼50% of the genetic variance in intestinal polyp multiplicity in Apc Min /+ animals, suggesting the presence of additional modifier loci within the mouse genome .
A series of crosses between B6 Apc Min /+ mice and other inbred strains were established to confirm the relationship between inheritance of the different alleles of the Pla2g2a gene and the Mom1 phenotype (MacPhee et al. 1995) . These studies led us to the identification of a second modifier locus, Mom2 (Modifier of Min 2), that significantly affects polyp multiplicity in both the small and large intestines of Apc Min /+ mice. We describe here for the first time the identification, characterization, and map location of the Mom2 locus. Our data suggest that the resistant Mom2 allele is the result of a spontaneous mutation that was present in a B6 Apc Min /+ male. The impact of spontaneous mutations on quantitative phenotypic studies is discussed.
RESULTS

A series of intercrosses between C57BL/6J (B6) Apc
Min /+ and other inbred strains were established to confirm the relationship between the inheritance of the Pla2g2a gene and the Mom1 phenotype (MacPhee et al. 1995 Fig. 1B ). This pattern of small intestinal polyp multiplicity resembled a bimodal distribution, since 12 mice had low polyp numbers in the range of 0-30 polyps each and 7 mice had moderate polyp numbers in the range of 31-60 polyps each. In addition, this unusual distribution was (Fig. 1C) .
Since hybrid F1 animals are genetically identical, the apparent bimodal distribution could be due to distinct phenomena such as: (1) a difference in polyp multiplicity between males and females, (2) strain contamination (i.e., one of the inbred parents was heterozygous for a locus that conferred resistance to polyp multiplicity, such as the Mom1 locus), or (3) one parent harbored a spontaneous mutation that conferred resistance to intestinal polyp multiplicity. To investigate the first possibility, we examined the sex of each F1 offspring and found that the differences in polyp numbers were not sex-specific; the low polyp group was composed of roughly half males (58%) and half females (42%), as was the moderate polyp group (43% males and 57% females) (Fig. 1B) (Fig. 1B) . The F1 offspring were also typed for 22 microsatellite markers distributed on all autosomes and the X chromosome (see Methods). All F1 offspring were found to be heterozygous for D2 and B6 alleles at the loci tested. These results indicated that the apparent bimodal inheritance was not due to strain contamination. Support for the third possibility of spontaneous mutation was derived from further analysis of the distribution of F1 offspring with moderate (7 mice) and low (12 mice) polyp multiplicity. These mice showed no significant difference ( 2 = 1.32; p = 0.25) from a normal Mendelian ratio of 1:1, which would be expected if a single dominant modifier allele was segregating independently of the Apc gene. Therefore, the data suggested that the apparent bimodal distribution could be due to inheritance of a new mutation which was segregating in the D2B6F1 Apc Min /+ offspring.
The New Mutation Can Be Transmitted through the Germline
A new mutation that confers a dominant, resistant phenotype to polyp formation could potentially be invaluable in designing new strategies for prevention and/or treatment of APCinduced intestinal neoplasia. However, the offspring shown in Figure 1 were already euthanized. Therefore, we needed to confirm the existence of a new mutation by determining whether any of the surviving F1 offspring from the exceptional mating cage could transmit the new mutation. Seven D2B6F1 Apc Min /+ mice were the only remaining progeny from the exceptional mating cage that had yielded the apparent bimodal distribution of polyp multiplicity (Fig. 1B) . We reasoned that the new mutation which was segregating in the F1 offspring must have been inherited from either the D2 female parent or the B6 male Apc Min /+ parent. Therefore, to eventually determine the chromosomal location of the new mutation as well as to make the new mutation congenic on the originating strain background, the seven D2B6F1 Apc Min /+ offspring were mated with B6 and/or D2 mice as shown in Table  1 . We established a total of 11 mating cages; D2B6F1 Apc Min /+ males #1, 2, 5, and 6 were moved between a cage with B6 females and a cage with D2 females, D2B6F1 Apc Min /+ male #3 Based on the distribution of polyps in the F1 animals ( Fig. 1B ), those animals with Յ24 polyps constitute the "low" polyp group and those animals with Ն25 polyps constitute the "high" polyp group. e Parents #5, #6, and #7 produced sufficient numbers of offspring with low polyp multiplicity and were therefore classified as the only D2B6F1 Apc Min parents that both carried and transmitted the resistant Mom2 R allele.
was mated with a B6 female, D2B6F1 Apc Min /+ female #4 was mated with a D2 male, and D2B6F1 Apc Min /+ female #7 was mated with a B6 male. The goal was to ensure that at least one F1 offspring that carried the mutation would be selected and pass the new mutation through the germline. This assessment was performed blind, since it was not possible to know a priori which surviving F1 animals might have inherited the new mutation.
Polyp number in the small intestine was used to determine which N2 offspring carried the new mutation. Based on the distribution of polyp numbers in the F1 offspring (Fig. 1) , those N2 offspring with Յ24 polyps were placed in the "low" polyp class, and those N2 offspring with Ն25 polyps were placed in the "high" polyp class (Table 1) . We also established the criteria that at least 20% of the N2 offspring from each mating cage had to fall in the low polyp class in order for the D2B6F1 Apc Min /+ parent to be considered a carrier of the new mutation. Table 1 shows that D2B6F1 Apc Min /+ parents #1, 2, 3, and 4 produced N2 progeny with mostly high polyp numbers (44 of 46 mice fell in the high polyp class), and therefore were not carriers of the new mutation. In contrast, D2B6F1 Apc Min /+ parents #5, 6, and 7 produced a total of 100 N2 progeny with both high (20 of 100 mice) and low (80 of 100 mice) polyp numbers (Table 1) . Therefore, three of the seven D2B6F1 Apc Min /+ parents were able to transmit the new mutation through the germline. These results indicated that the low polyp phenotype was most likely due to an inherited mutation which acts in a dominant fashion to reduce polyp multiplicity. We named this new locus Mom2, for Modifier of Min 2.
Chromosomal Localization of the Mom2 Locus
The ratio of offspring with high polyp multiplicity to the total number of offspring in the F1 and N2 crosses was 11/26 (7/19 plus 4/7) and 20/100, respectively (Fig. 1, Table 1 ). Although the data from the F1 offspring (Fig. 1B) initially suggested that the new mutation was unlinked to the Apc gene (see above), the data from the N2 offspring, which constituted a four-fold larger sample size, suggested that the Apc Min mutation and the resistant Mom2 allele were indeed linked (in the cis configuration) on chromosome 18. The combined recombination frequency from both the F1 and N2 crosses (31/126) suggested that the Mom2 locus is 24.6 ‫ע‬ 3.8 cM away from the Apc gene on chromosome 18. Since the Apc gene had been localized 15 cM distal to the centromere of mouse chromosome 18 (Radice 2000) , the most likely position for the Mom2 locus was distal to the Apc gene.
To test the hypothesis that the resistant Mom2 allele was located on the same chromosome as the Apc Min mutation, genomic DNA from all 100 N2 offspring was typed by PCR with microsatellite markers Dietrich et al. 1994 Fig. 2A) . Therefore, the Mom2 locus must reside between the D18Mit186 and D18Mit213 loci (Fig. 2B) . These data are consistent with the hypothesis that the resistant Mom2 allele was present in cis with the Apc Min mutation in D2B6F1 Apc Min /+ parents #5, 6, and 7. The resistant Mom2 allele could have arisen from a spontaneous mutation that occurred in the original B6 Apc Min /+ male, who was the father in the exceptional mating cage (Fig. 1B) . Alternatively, the Mom2 mutation could have arisen in an Apc Min /+ predecessor of that same B6 Apc Min /+ male. Regardless of its origin, the mapping data confirm the position of the Mom2 locus distal to the Apc gene on mouse chromosome 18, and placed the Mom2 locus in a region of synteny with human chromosome 18q (Radice 2000) . is shown adjacent to a partial consensus linkage map of mouse chromosome 18 (Radice 2000) . The loci mapped are listed to the right, and the genetic distances (in centimorgans) between adjacent loci are listed to the left of the chromosomes. The two maps were arbitrarily aligned at the D18Mit186 and D18Mit213 loci. The data from our backcross analysis gives a genetic distance of 14 ‫ע‬ 3.5 cM between D18Mit186 and D18Mit213, whereas the genetic distance given in the consensus map shows the two loci as being 10 cM apart. The locations of the human homologues of mouse genes are listed to the right.
Effects of the Mom2 Locus on Polyp Multiplicity in the Small Intestine
Multiple modifier loci can significantly impact polyp multiplicity in Apc Min mice Buchberg and Siracusa 1995; Dove et al. 1995; van der Houven van Oordt et al. 1999) . The D2 strain was previously reported to contain only one modifier of Apc Min , which was the Mom1 locus (Moser et al. 1995a) . Therefore, resistant and susceptible alleles of both the Mom1 and Mom2 loci were segregating in the N2 offspring of D2B6F1 Apc Min /+ parents #5, 6, and 7 (Table 1) R allele resulted from a spontaneous mutation that decreased polyp multiplicity. Figure 3 shows the distribution of the four classes of offspring from the B6 ‫ן‬ D2B6F1 Apc Min backcross (Fig. 3A) and the D2 ‫ן‬ D2B6F1 Apc Min backcross (Fig. 3B) . In both the B6 and D2 backcrosses, the two classes of offspring that contain one resistant Mom2 Both comparisons were statistically significant at the p < 0.005 level. This finding is consistent with previous estimates that the presence of one resistant modifier allele at the Mom1 locus reduces polyp multiplicity by ∼50% MacPhee et al. 1995; Gould et al. 1996) .
N2 offspring from the backcross to D2 could be either (Table  1) were genotyped for the Pla2g2a gene (see Methods) to determine whether they carried the B6 susceptible Mom1 S allele and/or the D2 resistant Mom1 R allele. N2 offspring were phenotyped for polyp number to determine whether they were homozygous for susceptible Mom2 (Mom2 ) allele (Յ24 polyps = low-polyp phenotype); molecular markers on mouse chromosome 18 were consistent with the determination of Mom2 allele status (Fig. 2) . Genotypes at the Mom1 and Mom2 loci are shown to the right. (A) A total 79 N2 offspring were generated from the backcross to B6, and (B) a total of 21 N2 offspring were generated from the backcross to D2 ( 
Effects of the Mom2 Locus on Polyp Multiplicity in the Colon
The incidence of colon polyps was also markedly reduced by one resistant Mom2 allele ( + classes of offspring were significant at the p < 0.03 level. Similarly, a dramatic decrease in colon polyp incidence was observed in N2 offspring from the backcross to D2 mice (Table 3 + /Mom2 + classes of offspring was significant at the p < 0.03 level. Taken together, these data indicate that (1) Mom2 effectively suppresses polyp formation and/or development in both the small and large intestines of Apc Min animals, and (2) the suppression by Mom2 R is detectable in both the B6 and D2 strain backgrounds.
DISCUSSION
The results presented demonstrate that we have identified a new modifier locus, Mom2, which acts in a dominant fashion to markedly reduce intestinal polyp multiplicity in Apc Min /+ mice. The mutation was present in the original B6 Apc Min /+ male parent who was mated with a D2 female. This "founder" male lived to be more than one year old (he was euthanized at 14 months of age) and had only 33 polyps in his small intestine and no polyps in his large intestine. In contrast, B6 Apc Min /+ males that do not carry the resistant Mom2 R mutation have an average of 89.9 ‫ע‬ 25.0 tumors in the small intestine and a 95.6% incidence of colon polyps by six months of age. In our laboratory, B6 Apc Min /+ males and females tend to live for 5-6 months; their death is usually the result of anemia due to bleeding caused by intestinal polyps and/or intestinal blockage caused by a high tumor burden. These findings suggest that the lifespan of Apc Min mice is increased by the presence of one resistant Mom2 allele.
Moreover, although the Apc Min mutation was reported to have 100% penetrance on a B6 background (Moser et al. 1990) , our data show a complete absence of polyp formation in 6 of 64 N2 offspring from the B6 backcross that inherited one resistant Mom2 R allele (Fig. 3) . Although two males and two females carried one resistant Mom1 allele (which could contribute to the absence of polyp formation), the remaining two male mice with no polyps were homozygous susceptible (Mom1 S /Mom1 S ) at the Mom1 locus (Fig. 3) . Thus, the resistant Mom2 R allele is capable of completely suppressing polyp formation in 9.4% of the progeny regardless of the presence or absence of a resistant Mom1 allele. In addition, two of the 12 low-polyp D2B6F1 Apc Min /+ offspring from the exceptional mating cage (Fig. 1B) actually had no polyps, whereas their non-Mom2 R counterparts (Fig. 1A) had 11 or more polyps each. Our results clearly demonstrate that the presence of one resistant Mom2 R allele is capable of significantly reducing the penetrance of the Apc Min mutation in both the small and large intestine (Tables 2 and 3) . + showed an 88%-95% reduction in polyp number in the small intestine. These dramatic reductions in Apc Min -induced tumorigenesis caused by one resistant Mom2 allele are much greater than the ∼50% reduction in polyp multiplicity detected with one resistant Mom1 allele. In addition, the action of the resistant Mom2 allele is not restricted to either the B6 or D2 background, as its effects are detectable regardless of strain background.
Comparison of the Effects of the
Since the magnitude of the effects of the resistant alleles of Mom1 and Mom2 together are greater than the effects of either the Mom1 R or Mom2 R alleles alone (Tables 1, 2 , and 3), the most likely hypothesis is that Mom1 and Mom2 act in different pathways. If Mom1 and Mom2 acted in the same pathway, we would not have detected the effects of the Mom1 resistant allele (∼50% reduction) in the presence of the much more potent Mom2 resistant allele (88%-95% reduction). Further analysis of Mom2 and how it affects polyp formation could reveal a distinct pathway with which polyp development can be potentially controlled in humans.
We also observed an 8-11 fold reduction in polyp incidence in the colon in the presence of a single resistant Mom2 R allele. This difference was statistically significant (p < 0.03, Table 3 ), indicating that Mom2 functions in controlling polyp development in the colon as well as the small intestine. Interestingly, although the presence of one resistant Mom1 R allele appeared to reduce colon polyp incidence by ∼50% (71.4% compared to 37.5% in Mom2
+ offspring and 8.6% compared to 3.4% in Mom2 R /Mom2 + offspring), these differences were not statistically significant (P < 0.3, Table 3 ). This finding suggests that the Mom1 locus does not affect the incidence of colon polyps in Apc Min mice. This finding is in contrast to previously published reports indicating that Mom1 (specifically Pla2g2a) significantly affects colon polyp multiplicity (Cormier et al. 2000) . These differing results could be due to differences in sample size or strain background.
Chromosomal Location of the Mom2 Region
Molecular genetic linkage studies of the Mom2 phenotype showed that the Mom2 locus most likely resides within a 10-14 cM interval bounded by D18Mit186 and D18Mit213. The Mom2 region is syntenic with human chromosome 18q21 and 18q23 ( Fig. 2; Radice 2000) . Chromosome 18q21 is a region frequently found to undergo LOH in human colorectal tumors (Takagi et al. 1996; Thiagalingam et al. 1996) . At least two genes in this region have been shown to result in intestinal neoplasia when cells undergo LOH, namely Smad2 and Smad4 (Koyama et al. 1999; Miyaki et al. 1999b; Tarafa et al. 2000; Xu et al. 2000) . In addition, inheritance of an inactivating mutation in SMAD4 is responsible for a subset of the juvenile polyposis disorders (Howe et al. 1998) . However, it is unclear as to how to reconcile the action of a Smad4 mutation acting as a dominant modifier that reduces the number of intestinal polyps unless it is a hypermorph. Alternatively, other genes within this region of mouse chromosome 18 may have been altered by the Mom2 mutation. Genes that influence cell division, differentiation, or survival of cells in the intestines may be candidates for the Mom2 locus. The mechanism by which the resistant Mom2 R allele provides protection from polyp development is currently under study. It is not yet known whether the protective effects of the Mom2 R mutation are limited to intestinal tissue or whether these effects extend to other Apc-induced tumors such as gastric, desmoid, and mammary tumors Smits et al. 1998) . Refinement of the map position of the Mom2 locus, cloning of the Mom2 gene, and characterization of the mutant Mom2 allele will ultimately answer these questions. 
Importance of Mating Cage Comparisons
Spontaneous Mutations and Their Impact on QTL Studies
In any mating scheme designed to continuously select for a specific allele or chromosomal region, mutations that are linked to the selected allele or region are likely to be inherited along with the selected allele or region. In many cases, these linked mutations may be detrimental to the health of the animal; however, in the case of Apc Min /+ mice, any linked mutation that improves the health or extends the life of the animal would have an increased probability of being passed on to offspring.
The impact of these findings extends to many other types of experiments such as pharmacological drug testing, behavior studies, and disease phenotype-related studies. A spontaneous mutation with effects on the phenotype under study could distort the findings. Furthermore, crosses designed to detect quantitative trait loci usually require many mating cages to produce the large number of offspring required to detect the QTLs; the results of such studies could be skewed if one or several parents carried a new mutation that affected the phenotype under study. Spontaneous mutations will continue to occur in any set of crosses; these mutations can be detected because of diligence in examining phenotype and meticulous comparisons of results between individual mating cages.
The identification of a spontaneous dominant mutation which has dramatic effects on reducing polyp multiplicity in Apc Min /+ mice now opens the door for mutagenesis experiments designed to screen for additional modifier genes that influence Apc-induced tumorigenesis (Schimenti and Bucan 1998; Justice et al. 1999) . Mutagenesis strategies can be designed to detect either dominant mutations that confer resistance to intestinal polyps on an otherwise susceptible background or recessive mutations that confer susceptibility to intestinal polyps on an otherwise resistant background in Apc Min /+ mice. The significance of designing studies to detect dominant mutations is that only a single allele is altered to produce the desired effect of polyp reduction and/or elimination. Understanding the molecular basis of such dominant mutations and the pathways they affect may directly lead to new methods for tumor prevention.
METHODS Mice
All mice were bred at the Kimmel Cancer Center animal facility, except for the original C57BL/6J Apc Min /+ males and DBA/2J animals, which were purchased from The Jackson Laboratory (Bar Harbor).
DNA Isolation
Genomic DNAs were isolated from tail biopsies as described previously (Siracusa et al. 1987) .
Genotyping for the Pla2g2a Locus
In the strains susceptible to polyp formation, a 1-bp thymidine insertion in exon 3 of the Pla2g2a gene abolishes the BamHI site present in the wild-type sequence (Kennedy et al. 1995; MacPhee et al. 1995) . Using the primers (forward 5Ј CAA TAC AGG TCC AAG GGA AC 3Ј and reverse 5Ј GTG ATT TGG CCC CCT TGG TG 3Ј), a fragment of ∼400 bp containing the BamHI site is amplified from the Pla2g2a locus. Each 20 µL PCR reaction contains 100 ng of genomic tail DNA, which is amplified along with 50 ng each of the oligomers, 0.5 mM of each nucleotide (dCTP, dGTP, dTTP, and dATP), in a buffer (final concentration 50 mM KCl, 10 mM Tris-HCl pH 8.0, 1.5 mM MgCl 2 and 0.1 mg/mL gelatin) along with 5 U/µL of Taq DNA polymerase (Roche Molecular Biochemicals). Samples were amplified under the following conditions: one cycle at 94°C for 4 min, followed by 40 cycles at 94°C for 30 sec, 60°C for 45 sec, and 72°C for 30 sec, followed by one cycle at 72°C for 7 min. Five µL of the PCR product was then incubated with 10 U of BamHI overnight, which cleaves the wild-type sequence into two fragments (∼100 and 300 bp), without any effect on the mutant sequence in which the BamHI site has been abolished. Fragments were resolved on a 3% TBE agarose gel and visualized by staining with ethidium bromide (Sambrook et al. 1989) . tract was dissected. The small intestine was divided into three sections (proximal, middle, and distal), gently scraped to remove fecal matter, and then cut open longitudinally. Each piece was washed with phosphate buffered saline (pH 7.0) to clear away residual fecal matter. The colon was also cleaned, cut longitudinally, and washed with PBS. The colon and each of the small intestinal segments were scored for polyps (Ն0.13 mm in diameter) using a Nikon SMZ-U dissecting microscope ‫ן51(‬ magnification). Polyps were counted by a single observer prior to genotyping of each mouse.
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